Ciliate densities were calculated with a Neubauer hemocytometer counting chamber. A total of 271-851 cells in each sample were used for the estimation of percentage composition of each species (Gürelli, 2014) .
The identification and classification of species was based on descriptions from studies by Dogiel (1927 Dogiel ( , 1928 , Das-Gupta (1935) , Ogimoto and Imai (1981) , Imai (1990, 2003) , Ito et al. (1994) , and Lynn (2008) .
Results
The mean number (±SD) of ciliates in rumen contents from six Anatolian water buffaloes was 70.5 (±62.3) × 10 4 (Table 1) . Thirty-seven species and 19 morphotypes belonging to 11 genera were identified ( Table 2 ; Figures  1-18 ).
Of the found ciliate species, Dasytricha ruminantium, Entodinium simulans, and En. longinucleatum were the most abundant, each with an incidence of 100%. In addition, En. rostratum, En. ellipsoideum, En. bovis, En. triacum, En. dubardi, Epidinium ecaudatum, Isotricha prostoma, I. intestinalis, Eudiplodinium maggii, Eu. rostratum, Eu. bovis, Eu. dilobum, Oligoisotricha bubali, and Diplodinium anisacanthum were detected in over half of the hosts examined (Table 2) . For individual animals, the total number of species ranged from 13 to 22, with an average of 17.5 ± 3.6.
In general, the rumen ciliate biota of all six Anatolian water buffaloes was primarily composed of Entodinium species (mean: 52.4%; range: 39.5%-74.3%). This was followed by Eudiplodinium (24.4%) and Epidinium (9.7%). Entodinium ellipsoideum, Eudiplodinium dilobum, and Ostracodinium munham are new endosymbionts recorded for buffaloes (Tables 2 and 3 ).
Discussion
In the present study, 37 species and 19 morphotypes belonging to 11 genera were identified, but no novel species were detected. This is the first report on rumen ciliates from Anatolian water buffaloes, and their ciliate biota was quite similar to reports from other ruminants around the world (Table 3) .
The average ciliate density in rumen contents of Anatolian water buffaloes from Kastamonu, Turkey, was at 70.5 (±62.3) × 10 4 cells mL -1
, which is considerably higher than that of water buffaloes in the Philippines (4.7 × 10 4 cells mL -1
; Shimizu et al., 1983) , Japan (37 × 10 4 cells mL -1 ; Imai et al., 1981b) Gurung et al., 2002) . On the other hand, the concentration was less than that of water buffaloes in Egypt (84 × 10 4 cells mL -1
; Selim et al., 1996) . These variations are presumably the result of differences between the host animals and their feeding habits.
In this investigation, all the morphotypes of Diplodinium anisacanthum (m. anacanthum, m. monocanthum, m. diacanthum, m. triacanthum, m. tetracanthum, m. pentacanthum, and m. anisacanthum) were detected in the Anatolian water buffaloes. These morphotypes were also detected in buffaloes from Brazil (Dehority, 1979) and Taiwan (Imai et al., 1981a) . Except for the absence of one morphotype (D. anisacanthum m. tetracanthum), all other morphotypes were reported from Indonesia (Imai, 1985) . Similarly, except for D. anisacanthum m. anisacanthum, all other morphotypes were observed in Nepal (Gurung et al., 2002) . However, this species was not reported in the Philippines (Shimuzu et al., 1983) , and only one to three of its morphotypes were reported from buffaloes in Japan (Imai et al., 1981b) , Egypt (Selim et al., 1996; Baraka, 2012) , India (Banerjee, 1955) , the Caucasus (Dogiel, 1928) , and Thailand (Imai and Ogimoto, 1984) . Two investigated islands (Taiwan and Indonesia) harbored almost all the morphotypes, and reports from a fairly close island (the Philippines) indicated an absence of this species. (Stein, 1858) 16.7 0.4 ± 0.9 0-2.2 D. polygonale Dogiel, 1925 16.7 0.2 ± 0.4 0-1.1 D. anisacanthum Da Cunha, 1914 50 5.7 ± 6.7 0-14.2 m. anacanthum Dogiel, 1927 33.3 1.0 ± 0.7 0-3.2 m. monocanthum Dogiel, 1927 33.3 0.4 ± 0.6 0-1.2 m. diacanthum Dogiel, 1927 33.3 0.7 ± 1.1 0-2.4 m. triacanthum Dogiel, 1927 33.3 0.4 ± 0.7 0-1.7 m. tetracanthum Dogiel, 1927 33.3 0.9 ± 1.5 0-3.1 m. pentacanthum Dogiel, 1927 33.3 0.9 ± 1.4 0-2.9 m. anisacanthum Da Cunha, 1914 33.3 1.4 ± 3.1 0-7.6 Entodinium 100 52.4 ± 13.0 39.5-74.3 En. bifidum Dogiel, 1927 33.3 2.0 ± 3.2 0-7.2 m. bifidum, Dogiel, 1927 16.7 1.2 ± 2.9 0-7.2 m. monospinosum, Ito et al., 1994 16.7 0.8 ± 1.9 0-4.7 En. bimastus Dogiel, 1927 33.3 1.7 ± 2.7 0-6.3 En. bovis Wertheim, 1935 83.3 2.8 ± 2.4 0-5.8 En. bursa Stein, 1858 16.7 0.4 ± 1.1 0-2.6 En. chatterjeei Das-Gupta, 1935 33.3 1.3 ± 2.1 0-4.8 En. dilobum (Dogiel, 1927) 33.3 2.2 ± 3.3 0-7.0 En. dubardi Buisson, 1923 66.7 2.9 ± 2.4 0-6.0 En. ellipsoideum (Kofoid and MacLennan, 1930) 50 2.2 ± 2.7 0-6.1 En. exiguum Dogiel, 1925 33.3 1.1 ± 1.8 0-3.6 En. longinucleatum Dogiel, 1925 100 9.0 ± 1.2 6.8-10.0 En. minimum Schuberg, 1888 33.3 1.5 ± 2.4 0-5.0 En. nanellum Dogiel, 1923 33.3 2.1 ± 3.3 0-6.7 En. parvum Buisson, 1923 16.7 1.3 ± 3.2 0-7.9 En. quadricuspis Dogiel, 1925 33.3 1.4 ± 2.3 0-5.5 En. rectangulatum Kofoid and MacLennan, 1930 16.7 0.8 ± 2.0 0-4.9 m. lobosospinosum Lubinsky, 1957 16.7 0.5 ± 1.2 0-3.1 m. rectangulatum Kofoid and MacLennan, 1930 16.7 0.3 ± 0.7 0-1.8 En. rostratum Fiorentini, 1889 66.7 4.7 ± 3.9 0-9.7 En. simulans Lubinsky, 1957 100 5.9 ± 3.0 2.1-10.8 m. lobosospinosum Lubinsky, 1957 16.7 0.5 ± 1.2 0-2.8 m. caudatum Lubinsky, 1957 100 3.6 ± 2.4 0-6.5 En. triacum Dogiel, 1927 66.7 4.5 ± 5.7 0-13.6 m. triacum Dogiel, 1927 66.7 4.5 ± 5.7 0-13.6 Eodinium 16.7 0.7 ± 1.7 0-4.2 Eo. posterovesiculatum (Dogiel, 1927) 16.7 0.7 ± 1.7 0-4.2 m. lobatum Kofoid and MacLennan, 1932 16.7 0.7 ± 1.7 0-4.2 Epidinium 83.3 9.7 ± 5.7 0-16.4 E. ecaudatum (Fiorentini, 1889) 83.3 9.7 ± 5.7 0-16.4 m. ecaudatum (Fiorentini, 1889) 33.3 1.4 ± 2.2 0-5.2 m. caudatum (Fiorentini, 1889) 66.7 4.9 ± 3.2 0-7.4 m. bicaudatum Sharp, 1914 16.7 0.2 ± 0.6 0-1.5 m. quadricaudatum Sharp, 1914 66.7 3.7 ± 3.8 0-9.8 Eudiplodinium 100 24.4 ± 11.9 5.7-42.1 Eu. bovis (Dogiel, 1927) 50 1.1 ± 1.3 0-3.3 Eu. dilobum (Dogiel, 1927) 66.7 6.9 ± 5.7 0-13.9 Eu. maggii (Fiorentini, 1889) 83.3 9.5 ± 7.0 0-20.2 Eu. rostratum (Fiorentini, 1889) 83.3 5.6 ± 3.0 0-8. (Dogiel, 1928) 66.7 2.9 ± 2.3 0-5.3 Ostracodinium 50 1.7 ± 2.3 0-5.6 O. gracile (Dogiel, 1925) 16.7 0.5 ± 1.4 0-3.3 O. mammosum (Railliet, 1890) 16.7 0.3 ± 0.7 0-1.8 O. munham Ito et al., 1994 16.7 0.6 ± 1.5 0-3.8 O. trivesiculatum Kofoid and MacLennan, 1932 16.7 0.3 ± 0.6 0-1.5
Total species, morphotypes, and genera numbers: 37, 19, and 11. Gurung et al., 2002; (11) present study].
Species Geographical location
Philippines (1) Brazil (2) Indonesia (3) Egypt (4) Caucasus (5) India (6) Japan (7) Thailand (8) Taiwan (9) Nepal (10) Turkey (11)
Philippines (1) Brazil (2) Indonesia (3) Egypt (4) Caucasus (5) India (6) Japan (7) Thailand (8) Taiwan (9) Nepal (10) Turkey (11) Therefore, additional investigations on rumen ciliates of buffaloes from these islands should be performed in the future (Table 3) . Entodinium bifidum m. monospinosum was first reported in Japanese beef black cattle in Japan (Ito et al., 1994) , and was subsequently found in this study (Table 2) .
Entodinium simulans was also found in water buffaloes during the present survey. This species was first reported from Brazilian water buffaloes (Dehority, 1979) , but was not reported from water buffaloes in Asian countries. In this investigation, two morphotypes of En. simulans (En. simulans m. lobosospinosum and En. simulans m. caudatum) were detected (Tables 2 and 3 ).
This study reports the second occurrences of En. triacum and En. quadricuspis. Entodinium triacum was first reported from buffaloes in the Caucasus by Dogiel (1928) , and one morphotype, En. triacum m. dextrum, was detected. In the Anatolian water buffalo, another morphotype, En. triacum m. triacum, was recorded. Entodinium quadricuspis was first observed in water buffaloes in Taiwan by Imai et al. (1981a) . Entodinium bursa was reported from water buffaloes in Turkey, after first being reported in Nepal by Gurung et al. (2002) ( Tables 2 and 3) .
Entodinium ellipsoideum, Ostracodinium munham, and Eudiplodinium dilobum are new endosymbionts for the water buffalo (Tables 2 and 3) .
Epidinium ecaudatum m. ecaudatum was reported from water buffaloes in the Caucasus (Dogiel, 1928) , Indonesia (Imai, 1985) , and Taiwan (Imai et al., 1981a) , and Epidinium ecaudatum m. caudatum was reported from water buffaloes in Brazil (Dehority, 1979) , Indonesia (Imai, 1985) , Taiwan (Imai et al., 1981a) , and Egypt (Baraka, 2012) . These additional morphotypes were detected in Anatolian water buffaloes: E. ecaudatum m. bicaudatum, first reported in Egypt by Baraka (2012) , and E. ecaudatum m. quadricaudatum, first recorded in water buffaloes during the present survey (Tables 2 and 3) .
Ophryoscolex species were not observed in this study or in other studies on water buffalo. Apparently, conditions in the rumen of water buffaloes are not suitable for the establishment of species from the genus Ophryoscolex. This could be investigated by inoculating Ophryoscolex sp. into water buffaloes and observing whether it can survive and establish a viable population or not.
Today, the population of the water buffalo is decreasing in Anatolia and in the world. Thus, many unknown ciliate species may be lost. Further studies on rumen ciliates of water buffaloes should be performed both in Turkey and around the globe, before animal numbers decrease greatly or even disappear.
